H exazinone
[3-cyclohexyl-6-(dimethylamino)-1-methyl-1,3,5-triazine-2,4(1H,3H)-dione; tradename of Velpar; E.I. Dupont de Nemours & Co., Wilmington, DE] is a selective herbicide used primarily in forestry, but it has also been effective in alfalfa, pineapple, and wild blueberry agriculture. Hexazinone has been credited with dramatically increasing the yield of the blueberry crop in Maine while also increasing the size and quality of the berries (1) . Unfortunately, the thin, low-base, sandy soils (2) often associated with blueberry agriculture, coupled with the high solubility of hexazinone (33 000 mg/L) have led to the contamination of local groundwater supplies (3) .
Groundwater from susceptible areas in Maine has been monitored routinely for hexazinone since 1990, when residues first appeared. Using a solid-phase extraction (SPE) technique, our laboratory assays 150-200 samples per year for research, private, and regulatory interests. A large percentage of these samples have been positive for the herbicide, with concentrations as high as 50 µg/L.
There are several published methods describing techniques for the determination of hexazinone and its metabolites in various matrixes, including capillary electrophoresis (CE; 4), high-performance liquid chromatography (HPLC; 5, 6), gas chromatography with nitrogen-phosphorus thermionic detection (GC-NPD; 7-9), and GC with mass spectrometry (MS; 10). Although these procedures provide detailed information for metabolite and parent residues, they are time consuming and expensive. The increased demand in Maine for testing of groundwater for parent hexazinone has led to the development of a faster and less expensive direct-injection technique described in this paper.
Experimental
Liquid Chromatographic System (c) Direct-injection reproducibility study.-Seven groundwater samples known to contain varying levels of hexazinone residues were collected from the Pineo Ridge area of Cherryfield, ME. The water was collected in methanol-rinsed, clear, 1 L jars and stored at 5°C. No preservatives were added and no pH adjustments were made because hexazinone is stable for at least 4 weeks under these conditions. Samples were allowed to warm to room temperature before injection into the HPLC system. The injector and syringe were flushed several times with HPLC grade water before injection of 500 µL of the sample or standard. Hexazinone concentration was calculated by comparing peak heights of samples with those of standards. Each sample was injected 6 times within 1 day and one time each day over 6 days to determine method reproducibility.
(d) Correlation of direct injection with SPE-LC method.-A total of 50 groundwater samples collected from various locations in eastern Maine were assayed by the direct-injection LC and by an internally validated LC method that used SPE for sample preparation.
Results and Discussion
The current federal and state of Maine drinking water guidelines for hexazinone are 200 and 210 µg/L, respectively. The HPLC method described is sensitive to 0.33 µg/L hexazinone (signal-to-noise ratio, 3:1) and linear to at least 33 µg/L. A clean groundwater sample ( Figure 1 ) shows a chromatogram with no interfering peaks at the elution time of hexazinone. The chromatogram in Figure 2 depicts a spring water sample with a hexazinone peak at 7.9 min.
Hexazinone metabolites A, A1, B, C, D, and G were injected into the HPLC system and did not coelute with the parent compound. These metabolites are more polar and elute earlier than does the parent compound. Most are also relatively unstable in aqueous environments and do not appear often in groundwater samples. Neary et al. (11) found only traces of metabolites A and B in surface runoff after treating the top soil with hexazinone. Recent work by Kubilius and Bushway (4) found metabolite B to be the only metabolite to contaminate groundwater consistently at measurable levels. With use of the direct-injection method, metabolite B eluted at 6.5 min and was not strongly absorbed at 247 nm. The maximum wavelength for metabolite B is 230 nm. At 247 nm the limit of quantitation for this compound is 10 µg/L, which is too high to determine with this method. The repeatability of the method was assessed by conducting intra- (Table 1 ) and interday (Table 2) injections. Statistical analysis showed acceptable repeatability, with coefficient of variation levels ranging from 0 to 8.4% for within-day injections and from 3.0 to 13.2% for between-day injections.
To test the accuracy of the direct-injection method, 50 groundwater samples with various levels of hexazinone contamination (0.3-10 µg/L) were compared with an HPLC-photodiode array (PDA) method, which used a SPE concentration and cleanup step. The SPE method was previously validated by using HPLC/MS and CE-PDA (4) and was sensitive to 0.05 µg/L. The correlation of the 2 methods showed excellent agreement throughout the concentration range, with R 2 = 0.98 ( Figure 3) .
Conclusion
This is a sensitive, rapid, reliable, and inexpensive method for the analysis of hexazinone residues in groundwater. System automation could be easily accomplished by the addition of an in-line filter and autosampler. Metabolite B, which is often found when the parent herbicide is present, could be detected simultaneously by using a sufficiently sensitive PDA detector.
